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T(15) - - > 7 (V,r/,/ 2 (1270)) decays 
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T(ls) — » 7(7/1 /2(1270)) are studied by an approach in which the glueball components of these mesons play 
dominant role. Strong dependence on quark mass has been found in the decays ( J/ip, T(ls)) — > 7(77', 77). Very 
small decay rates of T(ls) — > 7(77', 17) are predicted, d-wave dominance has been found in T(ls) — > 7/2(1270), 
which leads to larger B(T(ls) -> 7/2 (1270)). 



Very small upper limits of the branching ratios of 
radiative T(ls) decays into 77 and rj have been re- 
ported by CLE0[1] 



B(T(l.s) -> 777) < 1.0 x 1(T 6 , 
S(T(ls) -> 777') < 1.9 x 1(T 6 . 



(1) 



at the 90%C.L. S(T(15) -> 77?') is smaller than 

B{J/ip -> 777') = (4.71 ± 0.27) x 10~ 3 (2) 

by almost three order of magnitudes. On the other 
hand [2], 

B(?(1S) -> 7/2(1270)) = (10.2 ± 0.8 ± 0.7) x 10" 5 , 
B(T(1S) -» 7/2(1270)) = (10.5 ±1.6±i;|) x 10~ 5 (3) 

are reported by CLEO. £(T(1S) -> 7/ 2 (1270)) is 
about one order of magnitude smaller than 



B(J/tp -> 7/2(1270)) = (1.43 ± 0.11) x 10 



-3 



(4) 



In this talk we try to understand why _B(T(ls) — » 777') 
is so small and S(T(15) -> 7 / 2 (1270)) is not that 
small. 

In pQCD radiative decay of a heavy vector meson 
is described as V — > 7 g</\ The two gluons are color 
singlet and they can form ++ ,0 h and 2 ++ states. 
J/V radiative decay has long been regarded as a fer- 
tile hunting ground for glueballs. So far, the exis- 
tence of glueball has not been established. The efforts 
in search for glueball are complicated by mixture be- 
tween the components of gluons and quarks. The dif- 
ference between the radiative decays of J/ip and T(ls) 
is caused by the mass difference of c- and b-quark. In 
1984[3] we have studied J/ip — > 777, 777'. In this study 
77' and 77 are taken as mixing states of glueball and qq 
mesons and the gluon contents make dominant con- 
tributions to J/ip — » 777,777'. The ratio 



T(J/iP -> jrj) 
T(J/ip -> 777) 



= 5.30 ±0.05 



(5) 



has been predicted, which agrees with data very well. 
The same approach is applied to study T — > 777' (77). 
The U(l) anomaly of rj meson shows that there is 
strong coupling between rj and two gluons. and 77' 
contains substantial gluon content. In this approach 



the decays of J/ip — > 777' (77) contain two parts: the 
amplitude of J/ip — ► jgg is calculated by pQCD and 
the couplings gg — > rj (rj) are dominated by the gluon 
contents of 77' and 77. The flavor singlet part of 77 and 
rj is a mixing state of glueball and quark singlet 



1 770 >= sin<p\G > +cos<p\qq >, 



(6) 



where <fi is the mixing angle. It is argued in Ref. [3] 
that the quark contents of 77 and 77' are suppressed in 
J/ip — > 777(77') by 0(a 2 s ). Therefore, only the glueball 
content is taken into account in the calculations of 
T(J/ip — > 777(77'))- The coupling between state-G and 
two gluons is expressed as 



< G\T{A a a { Xl )Al(x 2 )}\0 > 

Cartel " I 2 )y/ G (0)e^ G(ll+l2) . 

The decay widths are derived as 
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T(J/iP -> 777') 
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In the study of J/-0 -> 7 + /(1273)[4] it is found that 
m c = l.SGeV fits the data very well and this value is 
in the range of m c = 1.25 ± 0.09Gey[5], and the mix- 
ing angle is taken = -10.75° ± 0.05°. The value(5) 
is predicted 
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The factor ^ in Eq.(8) shows strong dependence 
of the decay rate on m c . Because of the cancellation 
between mj and m c in the factors 



{2mj - 3m 2 (l + 



I i ;, _ 16 m ° "} 2 

mj mj 



of Eq.(8) the decay rates are very sensitive to the value 
of m c . 

By changing corresponding quantities, the decay 
rates of T(ls) — > 777', 777 are obtained. The ratio is 
determined to be 



Rn> 



B(T -» 777' 



1 a 2 s (m b ) V't(O) m\ 



B(J/ip -» 777') 4 C*2(to c ) ^2( -) m s 
(1-^)3 (i_2^4+44) 2 

m 2 , m 2 ™2 

(l-^ 1 ) 2 (l-2^+4^) 2 



Both branching ratios are less than the experimental 
upper limits. 

The same approach has been applied to study 
J/V>,T(ls) -> 7/ 2 (1270)[4], in which the vector 
bosons decays to jgg and /2(1270) is coupled to two 
gluons. The tensor meson / 2 (1270) contains glueball 
components 



I/2 >= cos(j>\qq > +sincj>\gg > 



(15) 



The glueball component of fi is dominant in the de- 
cay J/tp,T(lS) — > 7/2- We have studied J/ip — » 
7/2(1270) long time ago [4]. 

< /a 2 7aJ5|Ja >= (27r) 4 %, 7 -p 7 -p / )e(8o; 7 ^ J )-5T A 

T = -^=(A 2 +p 2 A 1 
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where 



V't(o) _ 4 r T ^ ee + m| 
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If mj = 2m c and tot = 2m& are taken 
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T(T — ► 7?j')/r(T — > Hg/ii hadrons) 
T(J/ip ->• jrj')/T(J/ip -> lighthadrons) 

B(T — > iig/ii hadrons) 
B(J/ip — > Hg/ii hadrons) 
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where G(0) and f/ ; j(0) are the wave functions at origin 
of the glueball and J/^> respectively. The decay width 
of J/r/> — ► 7/2 is derived as 

r(J/V - 7/2) = ^P^n 2 0« 2 (TO c )G 2 (O)^ 2 (O) 

^(i-^H^o+^ + tIkis) 



0.29 
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The ratios of the hclicity amplitudes are defined as 

(19) 



Comparing with all other studies, stronger depen- 
dence on quark masses and small coefficient are ob- 
tained by this approach. m b — 4.7 GeV and m c = 
1.3GeV are taken. Inputting B(J/ip — * jn'), it is ob- 
tained 

B{T^jn') = R v ,B(J/tP^ 77/) = 1.04 x- 7 
B(T -» 777) = 0.022S(T -» 777') = 0.23 x 10"(®L4) 



T ' 



Z 2 

To' 



It is obtained y = where m c = l^GeV is taken. It 
agrees with data. By changing corresponding quan- 
tities, the helicity amplitudes and the decay width of 
T(ls) — ► 7/2 are obtained. The ratios of the helicity 
amplitudes are obtained 



x 2 = 0.058, y 2 = 5.9 x 10~ 3 . 



(20) 
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They are consistent with experimental values [5] 

r 2 - 00 +0 02+0 01 ?; 2 _ n nq+0 08+0.04 (21) 
x — u.uu_ oo-o .oo' y — u - uy -o.o7-o.o3- 

In order to show the quark mass dependence of the 
ratio, B(jj^^f 2 ) 1 ^ e decay rates of J/ip and T are 
simplified. For J/ip — > 7/2 the value of m c makes 
T 2 ~ and A 2 = is taken. For T — > 7/2 because of 
small x 2 and y 2 then T\ and T 2 are ignored. In QCD 
J/ip, T — > Zig/if hadrons are described as J/^>, T — > 
35 whose decay width is proportional to a,mv, where 
my is the mass of J/ip, T respectively. The ratio is 
expressed as 

g(T^ 7 / 2 ) T(T -> 7/2) 

s(j/v> - 7/2) r(j/v - 7/2) 

T(J/ip^lh) B(T^lh) 
X r(T^Zfr) B(J/i(>^lh) 

= 1 Qg ^KO PT 



m 2 , 

"-j^' 1 -^- (23) 

Two factors affect the quark mass dependence of the 
ratio R. It is the same as B(T — > jr]'(rj)), in the am- 
plitude (T,J/ip) -> 733,33 -> / 2 (T,J/V>) -> 733 
is strongly suppressed by heavy quark mass. The 
second one is that d-wave dominates both the de- 
cay amplitudes of (Y,J/ip) — > 7/2. The s-wave is 

only related to A2 which is very small and can be ig- 

4 

norcd in both cases. The enhancement factor, ^J-, is 

the consequence of the d-wave dominance. This fac- 
tor increases with b-quark mass dramatically. The 
combination of these two effects makes the depen- 
dence of j^rcjz^lg on quark masses much weaker 

than the ratio D ~f 1T,~^ 7?? /I^u ■ d-wave dominance in 
T, J/ip — > 7/2 leads to larger B(Y 7/2). 

m c = 1.29GeV and m fc = (5.04 ± 0.075 ± 0.04)GeV 
are chosen to fit the experimental data of _B(T(15) — > 
7/2(1270))(3). The m c agrees with experimental value 
and m& is in agreement with IS mass of m;,. 
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